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(57) ABSTRACT 

A route seeking device, a route seeking method, and a 
program capable of determining a guide route requiring a 
small number of transfers of transportation means by a 
single route seek. In the route seeking device comprising a 
route seeking section for seeking a route from a start point 
to a goal With reference to a route netWork DB consisting of 
nodes, links to Which attribute information representing the 
groups to Which the links belong is added, and costs. The 
route seeking section calculates a speci?c upper-order bit in 
a link cost accumulation value memory of the link as logic 
“1”such that the potential at the reached node of a spreading 
node exceeds a potential assumed in route seek if the 
attribute information on the tracked link is different from 
that of a link spreading from the reached node With the 
potential at the reached node is calculated by accumulating 
the costs of the links along an outgoing link from the start 
node, and outputs the thus determined route of minimum 
accumulation cost as a guide route requiring the smallest 
number of transfers. 
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ROUTE SEARCHING DEVICE, ROUTE 
SEARCHING METHOD AND PROGRAM 

TECHNICAL FIELD 

[0001] The present invention relates to a route searching 
device, a route searching method, and a program installed in 
a navigation device or communication navigation system for 
searching and providing guidance to pedestrians or road 
vehicle drivers for an optimum route from a starting point to 
a certain destination. The present invention particularly 
relates, With regard to providing pedestrian and travelers 
Who utiliZe transportation facilities of a transportation route, 
to a route searching device, a route searching method, and a 
program capable of searching a route requiring a small 
number of transfers (attributive changes of the links consti 
tuting the route) of transportation means, such as a train, bus 
or the like. 

RELATED ART 

[0002] In the past, people largely relied on road maps 
draWn With landmarks to reach a certain destination in 
unfamiliar territory While determining the available means 
of transportation. If a person uses an automobile that is 
equipped With a car navigation system (hereinafter referred 
to as “Car Navigator”), he can reach the desired destination 
by receiving guidance displayed on a monitor screen or 
voice-outputted guidance (navigation information) from the 
car navigator, by activating the car navigator and entering 
the vicinity of the destination. 

[0003] Such a car navigator utiliZes the Global Positioning 
System (“GPS”) to specify its position by analyZing satellite 
position and time information contained in a GPS signal 
transmitted from multiple GPS satellites orbiting the earth 
through a GPS antenna. The GPS satellites must be at least 
four in number. By itself, the GPS generally ?xes a certain 
position With an accuracy of slightly over 10 m, but if 
Differential GPS (“DGPS”) is available, such position-?xing 
accuracy can be enhanced by 5 m or less. In particular, the 
mounting of GPS receivers Which carry out positioning by 
receiving signals from GPS satellites, Which used to be 
limited to some mobile phones, is noW likely to extend to all 
so-called third generation mobile phones. 

[0004] Technology covering a broad range of ?elds has 
been proposed as application technology for mobile termi 
nals equipped With such positioning function. One such 
proposal pertains to a communication navigation system for 
pedestrians derived from car navigators Which distribute 
map or route information from an information distribution 
server (route searching server) using a mobile phone as a 
terminal. Other proposals include settlement systems or 
various Internet transaction systems Which utiliZe mobile 
phones as a terminal. Moreover, mobile phones are recently 
being used more frequently to report incidents or accidents, 
thereby putting focus on the increasingly signi?cant contri 
bution of technology in specifying the location of the source 
of report. Experiments are also being conducted for deter 
mining or tracing the Whereabouts of elderly people through 
a mobile phone positioning system, and it is believed that 
similar and other uses Will continue to be found in the future. 

[0005] In recent years, mobile communication terminal 
devices, such as mobile phones, Personal Handyphone Sys 
tem (“PHS”) devices and the like, are progressively becom 
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ing more multifunctional. In addition to the basic telephone 
function, data communication functions are being enhanced 
in particular, so that users are noW offered a myriad of 
Internet-based data communication services. On of these 
relates to navigation services, in Which communication 
navigation systems provide route guidance from a current 
location to a certain destination not only for automobile 
drivers but for mobile phone users as Well. 

[0006] For example, a route searching device and route 
searching method employed in a typical navigation device or 
communication navigation system are disclosed in Japanese 
Laid Open Patent Publication No. JP-A-200l-l6568l (here 
inafter, Patent Document l”). The navigation system dis 
closed therein is constituted in such manner that When a 
speci?c route search is requested, information regarding the 
starting point and destination is sent from a mobile naviga 
tion terminal to an information distribution server, and a 
speci?c route that matches the search conditions is provided, 
using the road netWork or traf?c netWork data stored in the 
information distribution server. A search condition can per 
tain to the means of movement from the starting point to a 
certain destination, such as Walking, or using a transport 
facility such as an automobile or train, or a combination of 
using a transport facility and Walking and the like. The route 
search is thus conducted by taking into account such search 
condition. 

[0007] The information distribution server sets up the 
nodal and curving points on the route based on available 
map data as “nodes”, and the routes Which connect each of 
the nodes as “links”, and provides cost information (i.e., 
distance and time to be covered) pertaining to all of the links 
as a database. The information distribution server can inform 

a mobile navigation terminal of the shortest route by refer 
ring to the database to successively search links Which 
originate from a starting point node to the destination node, 
then form a route guide by tracking along the nodes and 
links Which have the loWest link information cost. Appli 
cable methods for this kind of route searching include 
methods referred to as “label setting” or “Dijkstra’s algo 
rithm”. Patent Document 1 also discloses a route searching 
method Which employs Dijkstra’s algorithm. 

[0008] HoWever, this method pertains to providing a route 
guide to a pedestrian Who is usually mobile, as he may be 
simply Walking or moving from one place to another by 
Waling and taking transportation means. A route searching 
device Which provides route guidance to a pedestrian Who is 
taking transportation means is disclosed, for example, in 
Japanese Laid-Open Patent Publication No. JP-A-2003 
182578 (hereinafter, patent Document “2”). Such route 
searching device also incorporates positioning information 
for every exit/entrance of each train station sourced from 
line netWork data contained in the timetable data of a 
CD-ROM. Upon indication of a route search Wherein search 
conditions consisting of starting point, destination, and 
scheduled departure date and time have been de?ned using 
an operating section, an optimum route searching section 
uses road data and transportation means timetable data on a 
CD-ROM to search the optimum route negotiable from the 
starting point to a certain destination at the shortest possible 
time, taking into account the de?ned search conditions by 
designating one or more prospective departure stations near 
the starting point and one or more prospective destination 
stations near the desired destination, and combining the 
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information yield on journeying on foot (Walking) With that 
of the transportation facilities to be taken from among the 
combined respective prospective departure stations and 
respective prospective destination stations. 

[0009] When using the train as a means of transportation, 
even if a route exists Which alloWs the searcher to reach a 
certain destination Without transferring lines, one or tWo or 
more routes may in fact exist Which Would require the 
searcher to sWitch train lines and yet alloW him to reach the 
desired destination at a shorter time. HoWever, requests may 
arise to reduce the number of transfers, since transfers are 
generally troublesome, or may result in higher total trans 
portation expense in case the succeeding train line is differ 
ent, being a line belonging to a different company. The route 
searching method in this case Would entail search through as 
many routes as possible, sort out the guide routes and rank 
them in the order of the least number of transfers required. 

[0010] For example, the route searching method disclosed 
in the beloW Japanese Laid-Open Patent Publication No. 
JP-A-2004-6l29l (hereinafter, Patent Document “3”) per 
tains to a route searching method Which sets out multiple 
netWorks divided into groups With spots serving as nodes 
and lines betWeen spots and transfers on foot being 
expressed as arcs, Wherein search conditions and data nec 
essary for the search are read in. Next, a shortest path tree 
is produced, and based on this shortest path tree several 
Well-balanced shortest paths are can be found using the 
multiple netWorks. Once the shortest routes are selected, 
running times are allocated to these shortest routes and then 
fares are calculated. Based on priority standards, the opti 
mum routes are thereafter selected and displayed. 

[0011] The train netWork optimum route guidance system 
disclosed in Japanese Laid-Open Patent Publication No. 
JP-A-2003-54407 (hereinafter, Patent Document “4”) per 
tains to an optimum route guidance system Which employs 
a utiliZed line extracting section and a transfer station 
extracting section to distinguish the utiliZed line part and 
transfer stations of the routes requiring only a small number 
of transfers, using line vectors and direct station number 
matrices. A transfer time calculating section calculates the 
transfer time at the extracted transfer stations based on the 
physical conditions of the user Which have been inputted 
through a user physical condition inputting section. A total 
travel time calculating section calculates the total travel time 
of negotiating routes requiring a small number of transfers. 
An optimum route selecting section selects the optimum 
route, and an optimum route guidance section provides those 
results. 

DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 

[0012] According to the route searching method disclosed 
in Patent Document 3, ?rst, the initial shortest route from a 
starting point to a certain destination is searched using 
Dijkstra’s algorithm. Next, a second shortest route, a third 
shortest route, and successively, a KLh shortest route are 
searched. A ?xed amount of time is added (cost adjustments 
are made for overlapping) to each Walking portion and line 
change (transfer) portion of the ?rst through KLh routes, and 
one or multiple shortest routes are again searched. Since 
costs have been attributed to the line change sections, the 
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initial shortest route obtained Will be the route having the 
least number of transfers. In this manner, hoWever, the route 
having the least number of transfers cannot be determined 
until after the ?rst to KLh shortest routes have been searched. 

[0013] In addition, according to the train netWork opti 
mum route guidance system disclosed in Patent Document 
4, a utiliZed line portion extracting section uses line vectors 
and direct station number matrices pertaining to the board 
ing station and the disembarking station to extract utiliZed 
line portions of the routes requiring a small number of 
transfers betWeen the boarding station and the disembarking 
station. As the number of transfers increases, routes using a 
part of the same line may appear tWice. HoWever, because 
the total travel time in these cases is longer than that of 
routes indicating a smaller number of transfers, such routes 
are automatically removed from the list of optimum candi 
date routes by the optimum route selecting section. There 
fore, the route requiring the least number of transfers cannot 
be determined until after multiple routes have been searched. 

[0014] To resolve the above described problems, the 
present inventors conducted various investigations and 
arrived at the present invention by focusing on the fact that, 
in a route search carried out using a label setting method in 
Which attribute information representing costs and line sys 
tems are added to the link data of each link constituting the 
line route data, Wherein sorting is carried out by increasing 
the potential cost if the information attributed to links 
spreading from a node differs from the information attrib 
uted to the tracked link, resulting in a route having the loWest 
cumulative cost being output as the guide route With the least 
number of attribute changes, Whereby the guide route having 
the least number of transportation facility transfers (or the 
number of different line routes to be used) can be determined 
by a single route search. 

[0015] In other Words, the present invention aims to pro 
vide a route searching device, a route searching method, and 
a program capable of determining a guide route requiring the 
least number of transportation facility transfers (or the 
number of different line routes to be used: attribute changes 
in the links Which make up the route) by a single route 
search. 

MEANS TO SOLVE THE PROBLEMS 

[0016] The abovementioned object of the present inven 
tion can be achieved by the folloWing con?guration. The 
route searching device according to the ?rst aspect of the 
present invention is a route searching device providing 
nodes consisting of the terminal points, intersections and 
diverging points of a route, and links connecting the nodes, 
a route netWork database containing the corresponding costs 
of the links, and a route searching section Which uses a label 
setting method for searching a route from a starting point to 
a certain destination by referring to the said route netWork 
database, Wherein: 

[0017] each link having attribute information pertaining to 
a group to Which such link belongs is stored in the route 
netWork database; 

[0018] the route searching section calculating a speci?c 
upper-order bit in a link cost cumulative value memory of 
the said link as logic “1”, such that the potential cost of a 
spreading link at a reached node exceeds the assumed 
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potential cost during route searching if the attribute infor 
mation on the tracked link is different from that of the 
spreading link from the reached node, Where the potential 
cost at the reached node is calculated by adding up the costs 
of the links along an outgoing link from the starting point 
node; and 

[0019] the route searching section outputting the thus 
determined route With the loWest cumulative cost as a guide 
route requiring the least number of link attribute changes. 

[0020] Further, the second aspect of the present invention 
pertains to a route searching device according to the ?rst 
aspect of the invention, Wherein the route searching section: 

[0021] stores in a Working memory the cumulative cost 
value of the tracked link if the attribute information on the 
tracked link is the same as the attribute information of a 
spreading link, and stores in a Working memory a speci?c 
upper-order bit in a cumulative cost value memory of such 
link as logic “1”, such that the potential cost at the reached 
node of a spreading link exceeds the potential cost assumed 
in route searching if the attribute information on the tracked 
link is different from the attribute information of the spread 
ing link; 
[0022] sorts the cost cumulative values of links stored in 
the said Working memory; and 

[0023] counts the number of link attribute changes in the 
route search if, from the sorting results, the link having the 
loWest cost cumulative value is a link Whose speci?c upper 
order bit in the link cost cumulative value memory Was set 
to logic “1”, due to differences in link attributes. 

[0024] Further, the route searching device according to the 
third aspect of the present invention pertains to the route 
searching device of the second aspect of the invention, 
Wherein the route searching section counts the number of 
link attribute changes during the route search, and continues 
the route search by restoring the link cost value Whose 
speci?c upper-order bit in the link cost cumulative value 
memory Was set to logic “1” due to differences in link 
attributes, to its real cost value. 

[0025] Further, the route searching device of the fourth 
aspect of the present invention pertains to the route search 
ing device according to any of the ?rst to third aspects of the 
invention, Wherein the route searching section carries out a 
route search by limiting the frequency by Which the 
attributes of such link may change to a certain number. 

[0026] Further, the route searching method according to 
the ?rst aspect of the present invention pertains to a route 
searching device providing nodes consisting of the terminal 
points, intersections and branching points of a route, and 
links connecting the nodes, a route netWork database con 
taining the corresponding costs of the links, and a route 
searching section Which uses a label setting method for 
searching a route from a starting point to a certain destina 
tion by referring to the said route netWork database, Whereby 
each link having attribute information pertaining to a group 
to Which such link belongs is stored in the route netWork 
database, and carries out the folloWing steps: 

[0027] the route searching section calculates a speci?c 
upper-order bit in a link cost cumulative value memory of 
such link as logic “1” such that the potential cost at the 
reached node of a spreading link exceeds the potential cost 
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assumed in route searching if the attribute information on 
the tracked link is different from that of the link spreading 
from the reached node When the potential co st at the reached 
node is calculated by adding up the costs of the links along 
an outgoing link from the starting point node; and 

[0028] the route searching section outputting the thus 
determined route of loWest cumulative cost as a guide route 
requiring the least number of link attribute changes. 

[0029] Further, the route searching method of the second 
aspect of the present invention pertains to the route search 
ing method according to the ?rst aspect of the invention, 
Wherein, the route searching section: 

[0030] stores in a Working memory the link cost cumula 
tive value of the tracked link if the attribute information on 
the tracked link is the same as the attribute information of a 
spreading link, and stores in the Working memory a speci?c 
upper-order bit in the link cost cumulative value memory of 
such link as logic “1” such that the potential cost at the 
reached node of a spreading link exceeds the potential cost 
assumed in route searching if the attribute information on 
the tracked link is different from the attribute information of 
the spreading link; 

[0031] sorts the link cost cumulative values stored in the 
Working memory; and 

[0032] counts the number of attribute changes in the link 
during the route search if, from the sorting results, the link 
having the loWest link cost cumulative value Was a link 
Whose speci?c upper-order bit in a link cost cumulative 
value memory Was set to logic “1” due to differences in link 
attributes. 

[0033] Further, the route searching method of the third 
aspect of the present invention pertains to the route search 
ing method according to the second aspect of the invention, 
Wherein the route searching section counts the number of 
link attribute changes in the route search, and continues the 
route search by restoring the cost of the link Whose speci?c 
upper-order bit in the link cost cumulative value memory 
Was set to logic “1” due to differences in link attributes, to 
its real cost value. 

[0034] Further, the route searching method of the fourth 
aspect of the present invention pertains to the route search 
ing method according to any of the ?rst to third aspects of 
the invention, Wherein the route searching section carries out 
a route search by limiting the frequency by Which the 
attributes of such link may change to a certain number. 

[0035] Further, the program according to the ?rst aspect of 
the present invention pertains to a route searching device in 
a computer providing nodes consisting of terminal points, 
intersections and branching points of the route, and links 
connecting the nodes, a route netWork database containing 
the corresponding costs of the links, and a route searching 
section Which uses a label setting method for searching a 
route from a starting point to a certain destination by 
referring to the said route netWork database, Whereby each 
link having attribute information pertaining to a group to 
Which such link belongs is stored in the route netWork 
database, and the program executes the folloWing functions: 

[0036] calculate a speci?c upper-order bit in the link cost 
cumulative value memory of such link as logic “1” such that 
the potential cost at the reached node of a spreading link 
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exceeds the potential cost assumed in route searching if the 
attribute information on the tracked link is different from 
that of the link spreading from the reached node When the 
potential cost at the reached node is calculated by adding up 
the costs of the links along an outgoing link from the starting 
point node; and 

[0037] output the thus-determined route of loWest cumu 
lative cost as a guide route requiring the least number of link 
attribute changes. 

[0038] Further, the program according to the second 
aspect of the present invention pertains to the program 
according to the ?rst aspect of the invention Wherein the 
route searching section: 

[0039] stores in a Working memory the link cost cumula 
tive value of the tracked link if the attribute information on 
the tracked link is the same as the attribute information of a 
spreading link as logic “1”, and stores in the Working 
memory a speci?c upper-order bit in the link cost cumulative 
value memory of such link as logic “1” Wherein the potential 
cost at the reached node of a spreading link exceeds the 
potential cost assumed in route searching if the attribute 
information on the tracked link is different from the attribute 
information of the spreading link; 

[0040] sorts the link cost cumulative values stored in the 
Working memory; and 

[0041] counts the number of attribute changes of the link 
in the route search if, from the sorting results, the link having 
the loWest link cost cumulative value is a link Whose speci?c 
upper-order bit in a link cost cumulative value memory Was 
set to logic “1” due to differences in link attributes. 

[0042] Further, the program of the third aspect of the 
present invention pertains to the program in a computer 
comprising said route searching device according to the 
second aspect of the invention, and, the route searching 
section carries out the folloWing steps: 

[0043] count the number of link attribute changes in the 
route search, and continue the route search by restoring the 
cost of the link Whose speci?c upper-order bit in the link cost 
cumulative value memory Was set to logic “1” due to 
differences in link attributes, to its real cost value. 

[0044] Further, the program of the fourth aspect of the 
present invention pertains to the program in a computer 
comprising said route searching device according to any of 
the ?rst to third aspects of the invention, and the route 
searching section carries out a route search by limiting the 
frequency by Which the attributes of such link may change 
to a certain number. 

EFFECTS OF THE INVENTION 

[0045] According to the route searching device of the ?rst 
aspect of the present invention, links are provided With 
attribute information representing the groups to Which the 
links belong in particular. A route searching section tracks 
along the links to search a route from the starting point to the 
desired destination, and determines the route having the 
loWest link cost. During this process, if there has been a 
change in the attribute information pertaining to the links, 
the route searching section determines that a transfer has 
occurred. In such a case, since the operation is carried out so 
that the cumulative value of costs Will certainly be higher 
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than the cost cumulative value (potential) assumed from the 
route search, the route having the least number of transfers 
can be determined as the guide route by a single route 
search, thereby shortening the time required for route 
searching. Users are thus sooner informed of the guide route 
for a line system Which entails less time Wasted on transfers 
and minimal increase in transportation cost. 

[0046] According to the route searching device of the 
second aspect of the present invention, the cost cumulative 
value of links Which have been searched and found are 
sorted. When the links having the loWest link cost cumula 
tive value are links Whose link attributes have changed, the 
number of link attribute changes (i.e. number of transfers) is 
counted. Therefore, the route searching device can deter 
mine the guide routes requiring transfers as Well as the 
number of transfers from a single route search. Users are 
thus sooner informed of the guide route for a line system 
Which entails less time Wasted on transfers and minimal 
increase in transportation cost. 

[0047] According to the route searching device of the third 
aspect of the present invention, in the route searching device 
of the second aspect of the invention, link cost cumulative 
values, Which have been determined to be certainly greater 
than the assumed cost (potential) cumulative value during 
the route search due to differences in link attributes, are 
restored to their actual cumulative values and route search 
ing is continued. In this manner, the route searching device 
can continue With the route search even in cases Where no 
transfers are involved or Where it has been determined that 
the desired destination can not be reached Within a certain 
number of transfers, thereby enabling a guide route having 
the minimum number of transfers to be searched and found 
in a single search. Users are thus sooner informed of the 
guide route for a line system Which entails less time Wasted 
on transfers and minimal increase in transportation cost. 

[0048] According to the route searching device of the 
fourth aspect of the present invention Which pertains to any 
of the route searching devices of the ?rst to third aspects of 
the invention, the route search is carried out by limiting the 
frequency by Which the link attributes may change to a 
certain number. Users are thus able to pre-determine the 
number of transfers and search in the searching device a 
guide route Whose number of transfers is the least Within the 
speci?ed range. 

[0049] According to the route searching method of the ?rst 
aspect of the present invention, links are provided With 
attribute information representing the groups to Which they 
particularly belong. A route searching section tracks along 
the links to look for routes from a starting point to the 
desired destination, and determines the route having the 
loWest link cost. During this process, if there has been a 
change in attribute information ascribed to the links, the 
route searching section decides that a transfer has occurred. 
In such a case, since the processing is carried out so that the 
cumulative value of costs Will certainly be higher than the 
cost cumulative value (potential) assumed from the route 
search, the route having the least number of transfers can be 
determined as the guide route by a single route search, 
thereby shortening the time required for route searching. 
Users are therefore sooner informed of the guide route for a 
line system Which entails less time Wasted on transfers and 
minimal increase in transportation cost. 
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[0050] According to the route searching method of the 
second aspect of the present invention, the cost cumulative 
value of links Which have been searched and found are 
sorted. When the links having the loWest link cost cumula 
tive value are links Whose link attributes have changed, the 
number of link attribute changes (i.e. number of transfers) is 
counted. Therefore, the route searching device can deter 
mine the guide routes requiring transfers as Well as the 
number of transfers from a single route search. Users are 
thus sooner informed of the guide route for a line system 
Which entails less time Wasted on transfers and minimal 
increase in transportation cost. 

[0051] According to the route searching method of the 
third aspect of the present invention, in the route searching 
method of the second aspect of the invention, link cost 
cumulative values, Which have been determined to be cer 
tainly greater than the assumed cost (potential) cumulative 
value from the route search due to differences in link 
attributes, are restored to their actual cumulative values and 
route searching is continued. In this manner, the route 
searching device can continue With the route searching even 
in cases Where no transfers are involved or Where it has been 
determined that the desired destination can not be reached 
Within a certain number of transfers, thereby enabling a 
guide route having the minimum number of transfers to be 
searched and found in a single route search. Users are thus 
informed right aWay of the guide route for a line system 
involving less time Wasted on transfers and minimal increase 
in transportation cost. 

[0052] According to the route searching method of the 
fourth aspect of the present invention Which pertains to any 
of the route searching methods of ?rst to third aspects of the 
invention, the route search is carried out by limiting the 
frequency by Which the link attributes may change to a 
certain number. Users are thus able to pre-determine the 
number of transfers and search for a guide route in the 
searching device With the least number of transfers Within 
the speci?ed range. 

[0053] According to the program of the ?rst aspect of the 
present invention, a route searching device can be provided 
according to the ?rst aspect of the invention, Whereby links 
are provided With attribute information representing the 
groups to Which they belong, Wherein a route searching 
section tracks the links to search routes from the starting 
point to the desired destination, and determines the route 
having the loWest link cost. If there has been a change in 
attribute information pertaining to the links during the 
search, the route searching section determines that a transfer 
has occurred and accordingly, the cumulative cost value Will 
certainly be higher than the cost cumulative value (potential) 
assumed during the route search. Accordingly, the route 
having the least number of transfers can be determined as the 
guide route in a single route search, thereby shortening the 
time required for route searching. Users are thus sooner 
informed of the guide route for a line system involving less 
time Wasted on transfers and minimal increase in transpor 
tation cost. 

[0054] According to the program in accordance With the 
second aspect of the present invention, a route searching 
device can be provided according to the second aspect 
thereof, Whereby the cost cumulative value of links Which 
have been searched are sorted. When it is determined that the 
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attributes of links having the loWest link cost cumulative 
value have changed, the number of changes in link attributes 
(i.e. number of transfers) is counted. Therefore, the route 
searching device can determine a guide route requiring 
transfers as Well as the number of transfers from a single 
route search. Users are thus informed immediately of the 
guide route for a line system involving less time Wasted on 
transfers and minimal increase in transportation cost. 

[0055] According to the program of the third aspect of the 
present invention, a route searching device can be provided 
according to the third aspect thereof, Wherein the link cost 
cumulative values, Which have been determined to be cer 
tainly greater than the cost cumulative values (potential) 
assumed during the route search due to differences in link 
attributes, are restored to their actual cumulative values and 
route searching is continued. Therefore, the route searching 
device can continue searching even in cases Where there are 
no transfers involved or Where it has been determined that 
the desired destination can not be reached Within a certain 
number of transfers, thereby enabling a guide route having 
the least number of transfers to be searched and found in a 
single route search. Users are thus immediately apprised of 
the guide route for a line system involving less time Wasted 
on transfers and minimal increase in transportation cost. 

[0056] According to the program of the fourth aspect of 
the present invention, a route searching device can be 
provided according to any of the ?rst to third aspects of the 
invention Whereby a route search is carried out by limiting 
the frequency by Which the link attributes may change to a 
certain number. Users are thus able to pre-determine the 
number of transfers and look for a guide route With the least 
number of transfers Within the speci?ed range in the search 
ing device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] FIG. 1 is a schematic diagram illustrating the 
frameWork of a transportation facility route netWork Which 
serves as the object of the route search in the present 
invention. 

[0058] FIG. 2 refers to a table exemplifying the data 
relating to the route netWork of FIG. 1, contained in the route 
netWork database for a route search. 

[0059] FIG. 3 is a block diagram illustrating the con?gu 
ration of the route searching device according to the present 
invention. 

[0060] FIG. 4 is a diagram illustrating the route netWork of 
FIGS. 1 and 2, Where node 1 is the starting point and node 
6 is the destination, and the route has no line transfers (single 
line system), While FIGS. 4(a) to 4(c) are diagrams Which 
illustrate route netWorks subject of the search procedure. 

[0061] FIG. 5 is another diagram illustrating the route 
netWork of FIG. 2, Where node 1 is the starting point and 
node 6 is the destination, and the route has no line transfers 
(single line system), While FIGS. 5(d) to 5(}‘) are diagrams 
Which illustrate route netWorks subject of the search proce 
dure. 

[0062] FIG. 6 is a schematic diagram illustrating the 
con?guration of data stored in a Working memory 27, 
Wherein FIG. 6(a) illustrates a concept Wherein data is 
recorded in a tree-like structure, and FIG. 6(b) is a diagram 
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which illustrates an array wherein tree-structured data is 
actually stored in a working memory 27. 

[0063] FIG. 7 is a diagram illustrating the route searching 
procedure relating to the route network of FIGS. 1 and 2 
where node 1 is the starting point and node 8 is the 
destination, wherein FIGS. 7(a) to 7(d) are diagrams illus 
trating a number of route networks subject of the searching 
procedure. 
[0064] FIG. 8 is a diagram which illustrates a number of 
route networks wherein the route searching procedure yields 
that two transfers are required, wherein FIGS. 8(a) to 8(c) 
are diagrams further illustrating a route network subject to 
this route searching procedure. 

[0065] FIG. 9 is another diagram which illustrates a num 
ber of route networks wherein the route searching procedure 
yields that two transfers are required, wherein FIGS. 9(d) to 
9(g) are diagrams further illustrating a route network subject 
to this route searching procedure. 

[0066] FIG. 10 is a table exemplifying the data related to 
the route networks of FIGS. 8 and 9 contained in the route 
network database. 

[0067] FIG. 11 is a ?owchart illustrating the procedure 
related to a route search according to the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0068] The route searching device, route searching 
method and program according to the present invention will 
now be explained in more detail with reference to the 
drawings. FIG. 1 is a schematic diagram illustrating the 
framework of a transportation facility route network which 
serves as the object of the route search in the present 
invention. FIG. 2 refers to a table exemplifying the data 
relating to the route network of FIG. 1, contained in the route 
network database for a route search. FIG. 3 is a block 
diagram illustrating the con?guration of the route searching 
device according to the present invention. FIGS. 4 and 5 are 
diagrams illustrating the route network of FIGS. 1 and 2, 
with the starting point being indicated as node 1, the 
destination as node 6, and where the route has no line 
transfers (single line system). FIGS. 4(a) to 4(c) and FIGS. 
5(d) to 5(f) are diagrams which illustrate route networks 
subject of the search procedure. 

[0069] FIG. 6 is a schematic diagram illustrating the 
con?guration of data stored in a working memory 27. FIG. 
6(a) illustrates a concept wherein data is recorded in a 
tree-like structure, and FIG. 6(b) is a diagram which illus 
trates an array wherein tree-structured data is actually stored 
in a working memory 27. FIG. 7 is a diagram illustrating the 
route searching procedure relating to the route network of 
FIGS. 1 and 2 where node 1 is the starting point and node 
8 is the destination. FIGS. 7(a) to 7(d) are diagrams illus 
trating a number of route networks subject of the searching 
procedure. FIGS. 8 and 9 are diagrams which illustrate a 
number of route networks wherein the route searching 
procedure yields that two transfers are required. FIGS. 8(a) 
to 8(c) and FIGS. 9(d) to 9(g) are diagrams further illus 
trating route networks subject of the route searching proce 
dure. FIG. 10 is a table exemplifying the data related to the 
route networks of FIGS. 8 and 9 contained in the route 
network database which has the same con?guration as that 

Oct. 11, 2007 

shown in FIG. 2. FIG. 11 is a ?owchart illustrating the 
procedure related to a route search according to the present 
invention. 

[0070] FIG. 1 is a schematic diagram intended to show the 
basic con?guration of a transportation facility line route 
which serves as the object of the route search in the present 
invention, and uses the route network of a bus line as an 
example. In FIG. 1, stops are indicated by nodes 1 to 8 
(drawn as encircled numbers). The arrowed lines connecting 
the intervals between each of nodes 1 to 8 are represented by 
links [1] to These links [1] to [8] constitute the route of 
the bus line, and the thick arrowed lines make up the line 
system. That is, the ?rst line system consists of node 1 to 
node 2 to node 3 to node 4 to node 5 to node 6 and the second 
line system is formed by node 7 to node 2 to node 5 to node 
8. Normally, the line of a bus or such other transportation 
facility operates in both inbound and outbound directions, 
such that the respective directions of the links should 
actually be provided. However, to simplify matters, in FIG. 
1, the links are shown to traverse only in a single direction 
through arrowed lines. Of course, such a route network is not 
limited to the route of a bus line route network, and may also 
apply to a train route network. In addition, to provide 
guidance on the expected time of arrival at a certain desti 
nation, it is necessary to provide a timetable database 
separately. 
[0071] The reference numerals drawn between the 
arrowed lines of the respective links (1) to (8) represent the 
link cost. “Link cost” represents, for example, the corre 
sponding distance and required time of a link. In performing 
a route search using a label setting algorithm (Dijkstra 
algorithm), the distance and required time are tracked along 
the shortest links, whereby the route search is achieved by 
taking the route having the lowest cumulative cost value as 
the optimum guide route (guide route traversing the shortest 
distance and time). For example, in FIG. 1, the cost of link 
[1] is indicated as covering a required time of 4 minutes, 
while the cost of link (2) is indicated as covering a required 
time of 1 minute. 

[0072] The information pertaining to the route network of 
FIG. 1 required to carry out a route search is accumulated in 
a route network database having the con?guration shown in 
FIG. 2. Such database comprises link, starting point (node), 
end point (node), cost, and system (or line system) ?elds 
represented by columns. Each of the links [1] to [8] is stored 
in the link column, and the respective nodes and required 
time are stored in the starting point, end point and cost 
columns corresponding to each link. Attribute information 
pertaining to the links (1) to (8) is stored in the system 
column. 

[0073] Such attribute information represents the line sys 
tem to which each link belongs, whereby links [1] to [5] 
belong to a ?rst line system (01), and links [6] to [8] belong 
to a second line system (02). By evaluating the attribute 
information for the outgoing and incoming links in respect 
of each node, it is determined that nodes 2 and 5 signify 
transfer stops for the ?rst and second line systems. In reality, 
although some stops may be slightly apart depending on the 
line system, since the transfer bus stops for intersecting 
systems cannot be built in the middle of an intersection, such 
stops are placed on the nearest line. For the purpose of 
explaining the basic principles involved, stops used for 
transferring are represented herein using the same node. 
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[0074] In such a route network, When searching an opti 
mum route for moving from node 1 to node 6, for example, 
a departure is made ?rst from node 1 and link [1] is tracked 
along the Way to node 2. The cost (required time) of this link 
[1] is “4” minutes. The outgoing links from node 2 are links 
[2] and [7], and their costs are “1” minute and “4” minutes, 
respectively. Thus, the links through Which node 6 can be 
reached are successively tracked. The cost cumulative value 
of the ?rst route, Which starts from node 1 and reaches node 
6 via nodes 1, 2, 3, 4 and 5, is “14” minutes, While the cost 
cumulative value of the second route, Which reaches node 6 
via nodes 1, 2 and 5, is “13” minutes. Therefore, the route 
having the shortest required time is the second route, and 
this is the route search normally output as the guide route. 

[0075] It Will be noted that While the ?rst route, Which 
passed through links [1] to [5], had a higher cost cumulative 
value than the second route, the line system Was one and the 
same, and node 6 could be reached Without transferring to 
another line system. On the other hand, the second route, 
Which originates from node [7], passes through nodes [2] 
and [5], Which belong to a different line system. Thus, While 
the second route had a loWer cost cumulative value than that 
of the ?rst route, a transfer at node 2 coming from link [1] 
of the ?rst system is necessary to connect to link (7) of the 
second system. As illustrated in FIG. 2, information repre 
senting the line system to Which each link belongs is stored 
as attribute information for each link. Therefore, When the 
route from link (1) to link (7) is taken, the attribute infor 
mation changes betWeen link (1) and link (7). This change 
in attribute information is detected, Whereupon the route 
having the lesser number of transfers can be directly 
searched by a single route search. This process is explained 
in more detail beloW. 

[0076] FIG. 3 is a block diagram illustrating the con?gu 
ration of the route searching device according to the present 
invention for conducting the above-described route search as 
a communication navigation system, Wherein a route search 
ing device is connected to a mobile terminal via a netWork 
to conduct a route search based on a route searching request 
from the mobile terminal, the results of the route search 
being distributed to the mobile terminal as guide data in the 
form of map data, guide route data, voice guidance or the 
like. The route searching device according to the present 
invention hoWever is not restricted to this, as it can be 
applied to other devices, such as a car navigation system, a 
mobile navigation system, or even a route searching server 
that is connected via the lntemet from a computer. 

[0077] As illustrated in FIG. 3, the navigation system 10 
according to the present invention is con?gured in such 
manner that a route searching device 20 and a mobile 
terminal 30 are connected via a netWork 12. If the mobile 
terminal 30 is a mobile phone, the mobile terminal 30 
communicates via Wireless transmission With a base station, 
Whereby a connection can be established With the route 
searching device 20 through the netWork 12, such as the 
Internet, via the base station. A route searching request or 
similar service request is sent to the route searching device 
20, and the distribution of map information, route search 
results or the like is received from the route searching device 
20. 

[0078] The mobile terminal 30 comprises a main control 
section 31, a route searching request section 32, a guide data 
storage section 33, a map/route storage section 34, a GPS 
processing section 35 and an operating/displaying section 
36. At the mobile terminal 30, a user enters desired inputs 

Oct. 11, 2007 

and operating instructions from the operating/displaying 
section 36, and a map and a guide route distributed from the 
route searching device 20 are displayed on a display section. 
The main control section 31 is disposed in the center of a 
microprocessor, and like an ordinary computer, comprises 
storing means such as RAM, ROM and the like. Each of 
these sections is controlled by programs stored in the storage 
means. 

[0079] The route searching request section 32 sends the 
starting point, destination, movement means and other such 
route searching requirements to the route searching device 
20, and requests a route search. While thee starting point and 
destination are usually indicated by latitude and longitude, 
other methods may be employed, such as inputting an 
address or a telephone number and converting to latitude and 
longitude information using the database of the route search 
ing device 20, or specifying a point on a map being 
displayed on the mobile terminal 30 and converting the same 
to latitude and longitude information. Movement occurs, for 
example, by Walking, by taking a transportation facility, or 
by a combination of both. 

[0080] Display data or voice data Which corresponds to 
display or voice guidance patterns (e.g. “right turn coming 
up”) are stored in the guide data storage section 33, so that 
When a route guidance that has been doWnloaded from the 
route searching device 20 reaches the mobile terminal 30 or 
preinstalled, for instance an intersection or a branch in the 
road (guidance point), the mobile terminal 30 can display or 
provide voice-guidance pertaining to the information 
(guide) as set in the guide data in accordance With the guide 
route or guide data corresponding to the guidance point 
received from the route searching device 20. The map/route 
storage section 34 stores the map data and guide route data 
distributed to the mobile terminal 30 from the route search 
ing device 20, based on the route search request, and the 
search result is displayed in the operating/displaying section 
36. 

[0081] Similarly, as an ordinary navigation terminal 
(mobile terminal), the GPS processing section 35 is a device 
Which receives GPS satellite signals, and processes the 
signals in order to ?x the position of a current location. 

[0082] On the other hand, the route searching device 20 
comprises a main control section 21, a transmitting/receiv 
ing section 22, a map database (DB) 23, a route searching 
section 24, a data distribution section 25, a route netWork 
DB (database) 28, and an operating/displaying section 29. 
The main control section 21 is disposed in the center of a 
microprocessor, and like an ordinary computer, comprises 
storing means such as RAM, ROM and the like. Each of 
these sections is controlled by programs stored in the storage 
means. The route searching section 24 comprises an oper 
ating means 26 and a Working memory 27. 

[0083] The transmitting/receiving section 22 receives data 
and service requests from the mobile terminal 30, and, sends 
or distributes the necessary data for the requested data or 
services to the mobile terminal 30. The map database (DB) 
23 is a database Which accumulates map information for 
distribution and display on the mobile terminal 30, as Well 
as map data (node data, link data, and cost data) for the route 
search. The route searching section 24, in accordance With 
the route searching requirements sent from the mobile 
terminal 30, refers to the map DB 23, and searches the 
shortest guide route from the starting point to the desired 
destination. As search means, the Dijkstra algorithm referred 
to in patent Document 1 can be used. When a route searching 
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request is made and the user requires guide information on 
transportation facilities or speci?es a combination of trans 
portation facility and Walking as modes of movement, a 
route search is carried out by route netWork DB (database) 
28 in the manner described beloW. At this stage, as described 
above, the route having the least number of transfers is 
searched. The beloW-described route netWork DB (database) 
28 and the operating means 26 and Working memory 27 of 
the route searching section 24 are employed in order to carry 
this out. 

[0084] The data distribution section 25 distributes data, 
such as data concerning the shortest guide route searched 
using the route searching section 24, map data, guide data 
etc., to the mobile terminal 30. The guide route is produced 
as vector data by the route searching section 24, and 
distributed to the mobile terminal 30 together With map data. 
The mobile terminal 30, based on the distributed map data 
and guide route data, displays a map and the guide route on 
the display section. In addition, if data on intersections, 
branching points, train stations and the like are included in 
the guide route, the route searching section 24 designates the 
nodes corresponding thereto as guidance points, and left or 
right turns With voice data patterns, and produces guide data 
to be provided as voice guidance to users. The patterns of the 
voice guidance or other such guide data are housed in a 
database (not shoWn), and usually such patterns usually are 
either pre-installed in advance or doWnloaded to the mobile 
terminal 30. The mobile terminal 30 receives the distributed 
map data, guide route data as Well as the above-mentioned 
guidance point data, and is also able to receive guidance, 
such as voice guidance or the like, automatically set When a 
guidance point is reached. 

[0085] Next, the route searching method for a route search 
requiring the least number of transfers according to the 
present invention Will be explained in more detail using 
Dijkstra’s algorithm. 
[0086] First, the case Where a certain destination is 
reached from the starting point Without any transfers (using 
a single line system) Will be explained. FIGS. 4 and 5 are 
diagrams illustrating the route netWork of FIG. 2, Where 
node 1 is the starting point, node 6 is the destination, and the 
route has no transfers (single line system). FIGS. 4(a) to 4(c) 
and FIGS. 5(d) to 5(f) are diagrams Which illustrate a route 
netWork that is applicable to the searching procedure. 

[0087] As shoWn in FIG. 4, the starting point is node 1, 
and the destination is node 6. For easier distinction, node 1 
is draWn With slanted lines across the circle mark. In the 
route netWork draWings, nodes through Which the route 
search is progressing are similarly represented With slanted 
lines draWn across each circle mark. The potential of the 
starting point node 1 is given as “P=0”, and the route search 
is initiated. 

[0088] Link [1] is the only link leaving from node 1 
(outgoing link) and is represented as: 

Extract 

0+4=4 [1] 

[0089] This equation means that When link [1] reaches 
node 2, it carries over a potential to Which the link cost “4” 
of link [1] (hereinafter referred to simply as “cost”) has been 
added to the “potential” P=0 of node 1. That is, the potential 
of a given node represents the cumulative value of the cost 
of the links tracked toWards that node. The operating means 
26 calculates this potential by referring to the route netWork 
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DB (database) 28. The resulting calculated potential is 
stored in the Working memory 27 along With the correspond 
ing link number of the link or links Which have brought 
about that result. In other Words, the link number and the 
cumulative cost value of each of the links Which have been 
tracked until that node is reached are stored in the Working 
memory 27. 

[0090] The sorting section Within the Working memory 27 
stores data in a tree-like structure, or the so-called “Heap”, 
and is a memory capable of sorting based on the magnitude 
correlation of the stored data (values). While the heaps Will 
be explained in more detail beloW, in the present invention 
the process of storing the cumulative cost value of the 
searched links and the link number in the Working memory 
27 is referred to as “heap recording”, and the process of 
sorting the recorded data to determine the loWest value is 
referred to as “heap sorting”. In FIG. 4(a), since there is only 
one heap recorded element, link [1] has the minimum value 
of “4”. As shoWn in FIG. 4(b), the route until node 2 is 
determined in link That is, the node 2 potential is 
determined as “P=4”, and this becomes the current minimum 
label. As a result of this process, nothing remains in the heap 
(Working memory 27). 
[0091] Next, as illustrated in FIG. 4(c), tWo arroWs (out 
going link: link [2] and link [7] exist from node 2. These 
outgoing links are the links Which the route searching 
section 24 Will track these outgoing links Which Would then 
be called “spreading” links. The spreading link state is 
represented by: 

[0092] Link [6] is an ingoing link from node 7 to node 2, 
and is thus not selected. 

[0093] Here, in the present invention, link [7] has a 
different attribute or belongs to a separate line system, 
compared to that of link Thus, the bus system changes, 
thereby generating a transfer, so that an uppermost-order bit 
(Most Signi?cant Bit) of the storing area for link cost values 
in the Working memory 27 is reWritten from the original 
route cost of 4+4 as logic “1”. This process shall hereafter 
be referred to as “signifying an MSB”, and is indicated by 
the symbol “+MSB”. 

[0094] The con?guration and processing of the memory 
for the Working memory 27 heap recording and heap sorting 
Will noW be explained in more detail. FIG. 6 is a schematic 
diagram exemplifying the data stored in the Working 
memory 27. FIG. 6(a) illustrates the concept of data 
recorded in a tree-like structure, While FIG. 6(b) is a diagram 
Which illustrates an array Wherein tree-structured data is 
actually stored in the Working memory 27. As illustrated in 
FIG. 6(a), although the con?guration of the heap-recorded 
data is a tree-like structure, in actuality, it is an array on the 
Working memory 27, as illustrated in FIG. 6(b), as pairs of 
corresponding link numbers and costs. For example, in FIG. 
6, the reference character “A” is the data Which serves as the 
“root” of the tree, and the data B and C, Which are related 
to this data “A”, are concatenated therefrom. Data D and 
data E are concatenated from data B and data F and data G 
are concatenated from data C. Yet, as illustrated in FIG. 6(b), 
the actual data A to G are stored in an array on the Working 
memory 27. 












